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,QFUHPHQWDO(&$3DVDPHWKRGWRSURGXFHXOWUDILQHJUDLQHGDOXPLQLXP
SODWHV
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.H\ZRUGV,QFUHPHQWDO(&$3XOWUDILQHJUDLQHGPDWHULDOVDOXPLQLXPSODWHV

$EVWUDFW ,Q WKLV ZRUN ZH SURSRVH D QHZ DSSURDFK WR SURGXFH XOWUDILQH JUDLQHG SODWHV XVLQJ D
PRGLILHG(&$3PHWKRGQDPHO\LQFUHPHQWDO(&$38QOLNHFRQYHQWLRQDO(&$3LQFUHPHQWDO(&$3
ZRUNVLQVPDOOVWHSVLQZKLFKGHIRUPDWLRQDQGIHHGLQJDUHGLYLGHGEHWZHHQWZRGLIIHUHQWWRROVDFWLQJ
DV\QFKURQRXVO\,QFUHPHQWDOSURFHVVLQJUHGXFHVIRUFHVDQGDOORZVSURFHVVLQJUHODWLYHO\ODUJHELOOHWV
7KHPDMRUDGYDQWDJHRIWKLVWHFKQLTXHLVWKDWWKHVSHFLPHQVDUHLQWKHIRUPRISODWHVZLWKUHFWDQJXODU
VKDSHZKLFKPDNHVWKHPVXLWDEOHIRUIXUWKHUSURFHVVLQJHJYLDGHHSGUDZLQJ:HUHSRUWKHUHD
VWXG\RQPLFURVWUXFWXUHGHYHORSPHQWPHFKDQLFDOSURSHUWLHVDQGWKHLUDQLVRWURS\LQDOXPLQLXPSODWHV
SURFHVVHGE\LQFUHPHQWDO(&$3(LJKWSDVVHVDSSOLHGDFFXPXODWHGVWUDLQRIZLWKURWDWLRQDERXW
=D[LVEURXJKWDERXW WKHUHGXFWLRQRIJUDLQVL]HGRZQWRQPZLWKIUDFWLRQRIKLJKDQJOH
JUDLQ ERXQGDULHV DQG YHU\ KRPRJHQRXV HTXLD[LDO PLFURVWUXFWXUH 7KLV UHVXOWHG LQ D VLJQLILFDQW
LQFUHDVH LQ PHFKDQLFDO VWUHQJWK ZLWK DQ XOWLPDWH WHQVLOH VWUHQJWK UHDFKLQJ  03D DQG PRUH
LPSRUWDQWO\YHU\ORZDQLVRWURS\ZLWKUHVSHFWWRUROOLQJGLUHFWLRQ
,QWURGXFWLRQ
8OWUDILQHJUDLQHG8)*PDWHULDOVKDYHDWWUDFWHGVLJQLILFDQWVFLHQWLILFLQWHUHVWGXHWRWKHLUVXSHULRU
PHFKDQLFDOSURSHUWLHV >@(TXDO FKDQQHO DQJXODUSUHVVLQJ (&$3 LVRQHRI WKHPRVW FRPPRQ
SURFHVVHVWKDWDOORZVDFFXPXODWLQJYHU\KLJKVWUDLQVGLIILFXOWWRREWDLQE\DQ\RWKHUFRQYHQWLRQDO
GHIRUPDWLRQWHFKQLTXHDQGREWDLQLQJ8)*VWUXFWXUHLQDQXPEHURIPHWDOVDQGDOOR\V>@2QHRIWKH
PDMRUDGYDQWDJHVRI(&$3SURFHVVLQJLVWKHSRVVLELOLW\RISURGXFLQJPDWHULDOVWKDWDUHFDSDEOHRI
VXSHUSODVWLF HORQJDWLRQ DW VWUDLQ UDWHV DSSUR[LPDWHO\ WZR RUGHUV RI PDJQLWXGH IDVWHU WKDQ WKRVH
FXUUHQWO\ HPSOR\HG IRU FRPPHUFLDO VXSHUSODVWLF IRUPLQJ RSHUDWLRQV >@ +RZHYHU VXSHUSODVWLF
IRUPLQJRSHUDWLRQVUHTXLUHWKHPDWHULDOLQWKHIRUPRIWKLQVKHHWV7KHUHIRUHWKHUHLVDQHHGWRGHYHORS
DQ(&$3EDVHGWHFKQRORJ\WKDWDOORZVSURGXFLQJPDWHULDOLQVXFKDIRUP
,QWKLVZRUNZHZRXOGOLNHWRGHPRQVWUDWHWKHFDSDELOLWLHVRIDQHZDSSURDFKWRSURGXFH8)*
SODWHV XVLQJ D PRGLILHG (&$3 PHWKRG QDPHO\ LQFUHPHQWDO (&$3 8QOLNH FRQYHQWLRQDO (&$3
LQFUHPHQWDO(&$3ZRUNVLQVPDOOVWHSVLQZKLFKGHIRUPDWLRQDQGIHHGLQJDUHGLYLGHGEHWZHHQWZR
GLIIHUHQWWRROVDFWLQJDV\QFKURQRXVO\,QFUHPHQWDOSURFHVVLQJUHGXFHVIRUFHVDQGDOORZVSURFHVVLQJ
UHODWLYHO\ODUJHELOOHWV7KHPDMRUDGYDQWDJHRIWKLVWHFKQLTXHLVWKDWWKHVSHFLPHQVDUHLQWKHIRUPRI
SODWHVZLWKUHFWDQJXODUVKDSH>@ZKLFKPDNHVWKHPVXLWDEOHIRUIXUWKHUSURFHVVLQJHJYLDGHHS
GUDZLQJRUIULFWLRQVWLUZHOGLQJ>@7KHSDUWLFXODUDWWHQWLRQZDVSDLGRQPLFURVWUXFWXUDOKRPRJHQHLW\
DQGWKHDQLVRWURS\RIPHFKDQLFDOSURSHUWLHVLQFRUUHODWLRQWRWKHDSSOLHGSURFHVVLQJURXWH
([SHULPHQWDO
7KHPDWHULDOVWXGLHGLQWKLVZRUNZDVWHFKQLFDOO\SXUHDOXPLQLXP3ULRUSURFHVVLQJLWZDVLQ
WKH FROG UROOHG VWDWH 7KH SODWHV RI GLPHQVLRQV  [  [  PP ZHUH VXEMHFWHG WR  SDVVHV RI
LQFUHPHQWDO (&$3 XVLQJ WZR GLIIHUHQW URXWHV  ZLWK URWDWLRQ E\ R DERXW ; D[LV H[WUXVLRQ
GLUHFWLRQDIWHUHDFKSDVVDQGZLWKURWDWLRQE\RDERXW=D[LVQRUPDOWRSODQH±DIWHUHDFKSDVV
7KHGHWDLOHGGHVFULSWLRQRILQFUHPHQWDO(&$3SURFHVVLQJFDQEHIRXQGHOVHZKHUH>@6FKHPDWLFVRI
,(&$3XVHGWRSURFHVVRIVTXDUHSODWHVZDVVKRZQLQ)LJ7KUHHWRROVDUHUHTXLUHGIRUSUHVVLQJ
IODWELOOHWVLQFUHPHQWDOO\WKURXJKDQDQJXODUFKDQQHO$GLHZKLFKFRQVLVWVRIWZRSDUWVDVWDWLRQDU\
DQGEPRYDEOHDSXQFKDQGDSXVKHU$IWHUIHHGLQJWKHELOOHWWKHGLHVHWLVFORVHGWRFRQVWLWXWH
WKHLQSXWFKDQQHO1H[WUHFLSURFDWLQJSXQFKPRYHVGRZQWRFORVHWKHRXWSXWFKDQQHODQGWRVKHDUMXVW
IHGSRUWLRQRIWKHVTXDUHSODWH$UURZVDUHXVHGWRLQGLFDWHFKDUDFWHURIPRYHPHQWVIRUWRROVUHTXLUHG
WRIXOILOWKHVHTXHQFHRILQFUHPHQWDOSUHVVLQJWKURXJKDFKDQQHO$VRQHFDQVHHLQ)LJDKDOIRI
WKH ELOOHW ZDV DOUHDG\ SURFHVVHG LQ WKLV RSHUDWLRQ RI DQ HTXDO FKDQQHO DQJXODU SUHVVLQJ ZLWK WKH
FKDQQHODQJOHRIΣ

)LJ6FKHPDWLFVRI,(&$3IRUSURFHVVLQJRIVTXDUHSODWHV
,QVKRUWLWVKRXOGEHQRWHGWKDWLQWHUPVRIWKHGHIRUPDWLRQW\SHDQGYDOXHRIWKHVWUDLQLQGXFHG
WKH SURSRVHG SURFHVV LV HTXLYDOHQW WR (&$3 LH GHIRUPDWLRQ LV E\ SXUH VKHDULQJ DQG WKH WRWDO
HTXLYDOHQW VWUDLQ LQ RQH SDVV LV H  ZKLFK LV WKH YDOXH NQRZQ IURP WKH FRQYHQWLRQDO (&$3
,QFUHPHQWDO(&$3LVFDUULHGRXWLQDVHULHVRIVPDOOGHIRUPDWLRQE\SXVKLQJWKHELOOHWIRUZDUGE\D
GLVWDQFHRIPPDQGVKHDULQJWKHIHGPDWHULDOVWHSZLVH
7KHPLFURVWUXFWXUHZDVLQYHVWLJDWHGE\PHDQVRI(%6'RULHQWDWLRQPDSSLQJSHUIRUPHGRQ+LWDFKL
68 DQDO\WLFDO VFDQQLQJ HOHFWURQ PLFURVFRSH DFFHOHUDWLRQ YROWDJH RI N9 HTXLSSHG ZLWK D
6FKRWWN\HPLWWHU7KHGDWDFROOHFWHGGXULQJPDSSLQJZHUHVXEVHTXHQWO\XVHGWRGHWHUPLQHWKHJUDLQ
HTXLYDOHQWGLDPHWHUGGHILQHGDVDGLDPHWHURIFLUFOHZLWKWKHVDPHDUHDDVWKHPHDVXUHGJUDLQ
DQGGLVWULEXWLRQVRIJUDLQERXQGDU\PLVRULHQWDWLRQDQJOHV
0LFURKDUGQHVVWHVWZDVSHUIRUPHGZLWKVWDQGDUG9LFNHUVLQGHQWHUXQGHUDORDGRIJ/RZORDG
YDOXHZDVFKRVHQIRUKLJKHUVHQVLWLYLW\RQPLFURVWUXFWXUHKHWHURJHQHLWLHV7KHWHVWVZHUHSHUIRUPHG
RQWKHFURVVVHFWLRQVWRGHWHFWLWVKRPRJHQHLW\DORQJSODWH¶VWKLFNQHVV,QDGGLWLRQWHQVLOHWHVWVZHUH
FDUULHGRXWXVLQJIODWPLQLVDPSOHVDVGHVFULEHGLQ>@7HQVLOHVDPSOHVZHUHFXWIURPWZRGLUHFWLRQV
SHUSHQGLFXODUDQGORQJLWXGLQDOWRWKHGLUHFWLRQRIWKHODVWSDVV'LJLWDO,PDJH&RUUHODWLRQ',&KDV
EHHQXVHGIRUDFFXUDWHVWUDLQGHWHUPLQDWLRQ
D E



5HVXOWVDQGGLVFXVVLRQ
0HFKDQLFDOSURSHUWLHV
)LJUHSUHVHQWVDSORWRIPLFURKDUGQHVVPHDVXUHPHQWVDFURVVSODWH¶VWKLFNQHVVVWDUWLQJIURPWKH
WRSVXUIDFHZKLFKKDGDFRQWDFWZLWKDSXQFKWRROIRUUHIHUHQFHVHH)LJ,WFDQEHVHHQWKDWIRU
ERWKDSSOLHGGHIRUPDWLRQURXWHVPLFURKDUGQHVVLQFUHDVHVZLWKLQFUHDVLQJQXPEHURISDVVHV+RZHYHU
LWVKRXOGEHQRWHGWKDWDIWHUWKHILUVWSDVVJUHHQOLQHWKHPLFURKDUGQHVVYDOXHVFOHDUO\GHFUHDVHZLWK
GLVWDQFHIURPWKHWRSVXUIDFH7KHGLIIHUHQFHEHWZHHQWKHVHWZRSODQHVLV+9DQGLVDQHIIHFWRI
VKHDU]RQHKHWHURJHQHLWLHVZKLFKLQIOXHQFHORFDOOHYHORIVWUDLQ6XFKDQHIIHFWLVW\SLFDOIRUWKHILUVW
(&$3SDVVGHVSLWHXVHGWRRODUUDQJHPHQWDVGHVFULEHGLQGHWDLOVLQ5HI>@$VWKHDSSOLHGVWUDLQ
LQFUHDVHV WKHVH GLIIHUHQFHV GLPLQLVKHV DQG PLFURKDUGQHVV OHYHO UHPDLQV UHODWLYHO\ FRQVWDQW
HVSHFLDOO\IRUWKHSODWHVGHIRUPHGZLWKWKHURWDWLRQDERXW=D[LV7KHVHUHVXOWVFOHDUO\LQGLFDWHWKDW
ERWKDSSOLHGGHIRUPDWLRQURXWHVOHDGWRXQLIRUPPHFKDQLFDOSURSHUWLHVRQWKHSODWHV¶WKLFNQHVV


)LJ0LFURKDUGQHVVFKDQJHVPHDVXUHGRQ<SODQHRISODWHVSURGXFHGZLWKGLIIHUHQWGHIRUPDWLRQURXWHVQXPEHURISDVVHV
7RJHWDQLQVLJKWLQWRWKHDQLVRWURS\RIPHFKDQLFDOSURSHUWLHVLQWZRSHUSHQGLFXODUGLUHFWLRQVLH
H[WUXVLRQDQGWUDQVYHUVHGHIRUPDWLRQGLUHFWLRQ('DQG7'UHVSHFWLYHO\DVHULHVRIWHQVLOHWHVWVZHUH
SHUIRUPHG7KH\LHOGVWUHQJWKPHDVXUHGDORQJ('LQFUHDVHGIURPIRULQLWLDOPDWHULDOWRDQG
03DDIWHUSDVVHVIRUURWDWLRQDERXW;DQ=D[HVUHVSHFWLYHO\7KHJUDSKSUHVHQWHGLQ)LJ
UHSUHVHQWVWKHSORWRIDUDWLRRI\LHOGVWUHQJWKVPHDVXUHGDORQJ('DQG7'WRTXDQWLI\WKHDQLVRWURS\
RIPHFKDQLFDOSURSHUWLHVLQWKHSODWHVSURGXFHGXVLQJWKHWZRGHIRUPDWLRQURXWHV$VLWFDQEHVHHQ
WKHSODWHVGLIIHUVLJQLILFDQWO\LHWKHURWDWLRQDERXW=D[LVOHDGVWRDUHODWLYHO\XQLIRUPPHFKDQLFDO
SURSHUWLHV\HWDIWHUSDVVHVZLWKWKHUDWLRRI\LHOGVWUHQJWKVPHDVXUHGDORQJ('DQG7'FORVHWR
ZKLOHWKHURWDWLRQDERXW;D[LVOHDGVWRDUHODWLYHO\VWURQJDQLVRWURS\ZLWK\LHOGVWUHQJWKPHDVXUHG
DORQJ (' EHLQJ ORZHU WKDQ DORQJ 7' ,W VKRXOG EH QRWHG WKDW WKH ILUVW SDVV FDXVHV WKH VWURQJHVW
DQLVRWURS\ZKLFKEHFRPHUHGXFHGZLWKLQFUHDVLQJ,(&$3SDVVHV
)LJ5DWLRRIWHQVLOHVWUHQJWKPHDVXUHGDORQJGHIRUPDWLRQGLUHFWLRQDQGSHUSHQGLFXODUO\WRGHIRUPDWLRQGLUHFWLRQRQSODWHV
SURGXFHGZLWKGLIIHUHQWGHIRUPDWLRQURXWHVZLWKGLIIHUHQWQXPEHURISDVVHV
0LFURVWUXFWXUH
7R XQGHUVWDQG WKH PHFKDQLFDO EHKDYLRU RI  DOXPLQLXP SODWHV SURFHVVHG E\ LQFUHPHQWDO
(&$3DGHWDLOHG(%6'DQDO\VLVRIWKUHHFKDUDFWHULVWLFSODQHVDVGHILQHGLQ5HI>@ZHUHSHUIRUPHG
7KHUHVXOWRIREVHUYDWLRQVRIWKHVDPSOHVDIWHUHLJKWSDVVHVIRUERWKDSSOLHGGHIRUPDWLRQURXWHVDUH
JDWKHUHGLQ)LJ
$WILUVWJODQFHVLJQLILFDQWGLIIHUHQFHVIRUERWKGHIRUPDWLRQURXWHVFDQEHQRWLFHG3ODWHVURWDWHG
DERXW ; D[LV IHDWXUH EDQGV RI VLPLODU RULHQWDWLRQ WKH VDPH FRORU FRGH VHSDUDWHG E\ KLJK DQJOH
ERXQGDULHV+RZHYHULQVLGHWKHVHEDQGVRQO\DQHWZRUNRIORZDQJOHJUDLQERXQGDULHVLVSUHVHQW
ZKLFKLVDFRQVHTXHQFHRIWKHIDFWWKDWRQO\WZRVKHDULQJSODQHVDYDLODEOHGXULQJGHIRUPDWLRQZLWK
URWDWLRQDERXW;D[LV$VDUHVXOWRQO\DPRGHVWVHWRIGLVORFDWLRQVOLSV\VWHPVFDQEHDFWLYDWHGDQG
HTXLD[LDOJUDLQVWUXFWXUHFDQQRWEHSURGXFHGGXHWROLPLWHGGLVORFDWLRQVDFWLYLWLHVDVUHSRUWHGLQ5HI
>@:LWKLQFUHDVLQJQXPEHURISDVVHVSULPDU\JUDLQVEHFRPHHORQJDWHGZLWKGHIRUPDWLRQGLUHFWLRQ
RQ<DQG=SODQHVDQGORZDQJOHJUDLQERXQGDU\VXEVWUXFWXUHZLWKLQWKHPDULVHV7KHILQDOJUDLQVL]H
LQFOXGLQJVXEJUDLQVZLWKPLVRULHQWDWLRQDQJOHKLJKHUWKDQqLVQP
5RWDWLRQDERXW=D[LVSURGXFHVXQLIRUPJUDLQVL]HGLVWULEXWLRQZLWKYHU\ILQHVL]HRQHYHU\SODQH
1RHORQJDWLRQUHODWHGZLWKSULPDU\JUDLQVDVLQWKHSUHYLRXVVDPSOHVFDQEHQRWLFHGZKLFKOHDGVWR
FRQFOXVLRQWKDWWKLVURXWHLVYHU\HIILFLHQWLQWHUPVRIJUDLQUHILQHPHQW$GMDFHQWJUDLQVGLIIHULQFRORUV
DVDUHVXOWRIKLJKPLVRULHQWDWLRQDQJOHVEHWZHHQWKHP5RWDWLRQDERXW=D[LVHYHU\VXEVHTXHQWSDVV
DFWLYDWHGLIIHUHQWVHWRIVOLSV\VWHPVZKLFKUHRFFXUHYHU\IRXUSDVVHV±WZRWLPHVSHUIXOODSSOLHG
GHIRUPDWLRQSURFHGXUH7KHQPRUHHTXLD[LDOVWUXFWXUHFDQEHSURGXFHGWKDQLQURWDWLRQDERXW;D[LV
DQGVHFRQGURWDWLRQILIWKWRHLJKWKSDVVHVOHDGWRLQFUHDVHRIPLVRULHQWDWLRQDQJOHEHWZHHQDOUHDG\
SURGXFHG VXEJUDLQV 7KLV OHDGV WR VPDOOHU JUDLQ VL]H ZLWK WKH PHDQ YDOXH RI  QP LQFOXGLQJ
VXEJUDLQVZLWKPLVRULHQWDWLRQDQJOHKLJKHUWKDQq


)LJ&RPSDULVRQRI(%6'RULHQWDWLRQPDSVREWDLQHGRQWKUHHGLIIHUHQWSODQHVLQSODWHVGHIRUPHGZLWKURWDWLRQDERXW;
DQG=D[HV
&KDQJHVLQPLVRULHQWDWLRQDQJOHGLVWULEXWLRQVFDQEHIROORZHGLQ)LJ,WFDQEHVHHQWKDWURWDWLRQ
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